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ABSTRACT 
Nine molluscan species are known to occur in Tongue River-
Sentinel Butte sediments of parts of Billings, Golden Valley, and 
Slope Counties in southwestern North Dakota. Tongue River sedi-
ments contain all nine of the species which include: two unionids, 
Plesielliptio priscus (Meek and Hayden) and Rhabdotophorus senec-
tus (White); one corbulid, Bicorbula mactriformis (Meek and Hayden); 
and six viviparids, Viviparus retusus (Meek and Hayden), Viviparus 
trochiformis (Meek and Hayden), Campeloma nebrascensis (Meek and 
Hayden), Lioplacodes limnaefonnis (Meek and Hayden), Lioplacodes 
nebrascensis (Meek and Hayden), and Lioplacodes tenuicarinata (Meek 
and Hayden). Only five of these species (~. priscus, .Q, nebrascensis, 
y. trochiformis, .!!:_ limnaeformis, and 1• tenuicarinata) occur within 
the Sentinel Butte Formation of North Dakota. 
Four molluscan species (!, senectus, !· mactriformis, y. ~ 
tusus, and 1· nebrascensis) may be of value as stratigraphic indica-
tors for the Tongue River Formation since preliminary work indicates 
that they do not occur in Sentinel Butte sediments. 
The fresh-water molluscan fauna concludes a fresh-water ori-
gin for the sediments, but the presence of a corbulid may indicate 
that some Tongue River deposits may have been brackish-water in ori• 
gin. 
The fossil assemblage suggests low-energy environments such 
as shallow water lakes with sluggish streams. This conclusion con-
viii 
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tradicts the work of others who favor primarily a fluvial origin 
for the sediments. 
The Tongue River Formation is considerably more fossiliferous 
than the Sentinel Butte Formation. This discrepancy of fossil abun-
dance may be accounted for by characteristics of the sediments them-
selves, such as the coarser grain size, greater bentonite, and lower 
calcium content of the Sentinel Butte Formation. 
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INTRODUCTION 
Purpose of Study 
The purposes of this study are: (1) to identify and illus-
trate fresh-water Paleocene molluscan fossils. occurring in the Tongue 
River and Sentinel Butte Formations in a restricted area in south-
western North Dakota; (2) to attempt to make use of these fossils in 
reconstructing the paleoenvironments during Tongue River and Senti-
nel Butte time; and (3) to evaluate the use of these fossils as 
stratigraphic indicators. 
Tongue River and Sentinel Butte sediments contain a varied 
assemblage of plant, v~r~eb~ate, and fresh-water molluscan remains. 
Brown (1961) studied the Paleocene flora of the Great Plains region 
including that occurring in the Tongue River and Sentinel Butte For-
mations of southwestern North Dakota. To date, however, little pro-
gress has been made with the vertebrates and almost no progress with 
the non-marine molluscan remains of this region. The classification 
of the mollusks alone !sin itself a formidable task and a contribu-
tion to paleontology. 
Paleoecology is a rapidly- growing science and molluscan fos-
sils are good indicators of paleoenvironments. The Tongue River and 
Sentinel Butte Formations are composed of an assortment of sediments 
of controversial origin with abundant molluscan remains. Therefore, 
it is only logical to make practical use of these fossils in recon-
structing the paleoenvironments. 
1 
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Recently, the Sentinel Butte unit received formational status 
(Royse, 1967). Considerable difficulty still exists in correlating 
and distinguishing the Tongue River and Sentinel Butte Formations. 
Consequently, another purpose of this study is to evaluate the use of 
these molluscan fossils as stratigraphic indicators. 
Previous Work 
Work on Tertiary fossils in this region commenced in the 
spring of 1854 (Meek, ·1876). At that time and in succeeding years, 
the Meek and Hayden Surveys of the Northwest Territories penetrated 
the Dakotas, collecting and describing numerous Mesozoic and Tertiary 
. fossils, especially invertebrates. Fossils from the lignitic beds 
were significant because the Tertiary-Cretaceous boundary rested be-
neath them. Meek's compilation of invertebrate fossils appeared in 
1876 and still remains an important reference work. Most of the mol-
luscan species of southwestern North Dakota included in the present 
paper are described in his publication. 
Shortly after the publication of Meek's results, White (1883) 
compiled a review of non-marine (inciuding brackish, fresh-water, and 
terrestrial forms) Mesozoic-Cenozoic molluscan fossils of North 
America. This all-inclusive work compiled all the information avail-
able and dealt with the fossils on a familial level. Earlier, White 
(1877) made an attempt to compare North American Mesozoic and Ceno-
zoic Unionidae with living species. He described one of the unionids 
which occurs in the presently studied area. 
In the early 1900 1 s, Whitefield (1903, 1907) and Stanton 
(1905) contributed to the knowledge of Late Cretaceous-Early Tertiary 
mollusks in.adjacent parts of Wyoming and Montana. 
3 
The work of Russell (1926, 1929, 1931, 1934), covering mostly 
adjacent parts of western Canada, is important,- particularly his at-
tempt to reclassify the fossil Unionidae of western Canada. This was 
an earnest effort to assign generic names of living unionids to fos-
sil forms. 
Henderson (1935) made a compilation of fresh-water fossil mol-
lusks of North America. This remains the latest inclusive work and 
still is useful. 
Yen (1948), in his study of Paleocene fresh-water mollusks in 
southern Montana, included many new species found in equivalent sedi-
ments of North Dakota. Further work with Late Cretaceous-Early Ter-
tiary molluscan fossils in Montana," Wyoming, Utah, and Colorado was 
also done by Yen (1946, 1951, 1954). In these papers, many new 
species were described. 
Tozer's (1956) work with Cretaceous-Paleocene non-marine mol-
lusks of western Alberta includes species also found in North Dakota. 
He made some generic reassignments for a few Paleocene unionids which 
are described in this study. This remains the latest publication 
which includes Paleocene molluscan fossils similar to those occurring 
I I 
in the presently studied area. 
As a result. of stratigraphic work with Tongue River and Sen-
tinel Butte sediments in North Dakota, several faunal lists, includ-
ing molluscan fossils, have appeared. Leonard (1908, p. 63) listed 
molluscan fossils found in Billings County. Fisher (1953) listed the 
I. 
molluscan species occurring in the Tongue River Formation in west-
• l 
central McKenzie County. Hanson (1955) listed the molluscan fossils 
I 
occurring in the Tongue River-Sentinel Butte
1 
~ediments. at the Elk-
4 
horn Ranch a~ea in northwestern Billings and northeastern Golden Val-
ley Counties. Crawford (1967), who worked in the studied area, in-
eluded molluscan fossils from the Tongue River in his faunal lists. 
Most of the species described in this study were also noted by him. 
In conclusion, with the exception of the studies of Meek and 
Hayden, no significant work concerning Paleocene fresh-water mollus-
can fossils in southwestern North Dakota has appeared to date. 
Location of Study Area 
The area studied lies in southwestern North Dakota; it in-
. eludes parts of southeastern Golden Valley County, the adjacent part 
of northwestern Slope' County, and parts of southwestern Billings 
County (Plate VI in folder). 
Three detailed measured sections served for stratigraphic 
control and most of the fossils were c.ollected in their immediate 
vicinities. I measured and described two of these: the section on 
the southeastern side of Chimney Butte and the other on the south-
eastern side of Tracy Mountain, Billings. County. In addition, the 
Tongue River-Sentinel Butte composite section of Crawford (1967) in 
the Red Hills and at Bullion Butte in southeastern Golden Valley 
County was included. 
Field Work 
Field work was conducted during the summer of 1967. As pre-
viously mentioned, two detailed stratigraphic sections were measured, 
one at Chimney Butte and the other at Tracy Mountain (Plates. I and II). 
A Keuffel and Esser hand level and a five-foot measuring rod were used 
in measuring the thickness of the units. All beds over six inches in 
s 
thickness were noted. The GSA Rock Color Chart (Goddard and others, 
1963) was used in describing the colors of the units. A Wentworth 
Scale Sand Gauge was used for comparison of particle size. Also, the 
stratigraphic sections of Crawford received extensive study because 
they were used in attaining familiarity with the sediment types in 
the studied area. 
Fossils were collected in the vicinity of these three sec-
tions. Particular emphasis was placed on location, stratigraphic po-
sition, and sediment type at the collecting sites. Relative abun-
dance of fossils was also noted. Most of the fossils were discovered 
accidentally while making traverses or following gullies. A few lo-
calities noted by Crawford (1967) were also visited. Position of 
collecting sites and other data were established using county maps at 
a scale of one inch to the mile. 
Physiography 
The studied area lies in the nonglaciated southwestern part 
of North Dakota, immediately west of the Missouri Slope. It is lo-
cated in the deeply eroded badlands of the Little Missouri River. 
Characteristic of the region are gullies and buttes with a 
maximum relief of approximately 1000 feet. The extensive systems of 
gullies are carved by intermittent streams in the poorly consolidated 
sediments of the Ludlow, Tongue River, and Sentinel Butte Formations. 
Resistant sandstone of the White River Formation caps the higher 
buttes such as Bullion Butte and Sentinel Butte. 
"Scoria" acts as a local cap rock throughout the area. It 
is abundant, forming an extensive blanket over a considerable 
6 
area west and northwest of Bullion Butte. This "scoria" deposit re-
sulted from the burning of the HT Butte lignite and forms an excellent 
stratigraphic marker. 
Concretionary limestones of fresh-water origin form small caps, 
up to twenty feet in diameter, especially in the Tongue River Forma-
tion. Numerous other concretionary types, particularly the large "log-
like" siltstone or sandstone types, also ·characterize the landscape. 
It is a colorful region of dark grays, vivid yellows, and som-
ber browns. Bright red 11scoria" and black lignite also cause con-
trasts in the landscape. 
Irregular and scanty rainfall account for the sparsity of vege-
tation resulting in land suited for little more than grazing. 
/ 
STRATIGRAPHY 
Introduction 
The studied area contains an assemblage of Paleocene, Oligo-
cene, and Holocene strata (Fig. 1). Paleocene rocks, which comprise 
the Fort Union Group, consist of the Ludlow, Tongue River, and Sen-
tinel Butte Formations, in ascending order. Resistant sandstone of 
the Oligocene White River Fo:i;-mation (Leonard, 1908, p. 238) caps the 
higher buttes. Many of the valleys are filled with Holocene allu-
vium. Fort Union continental deposits are difficult to correlate be-
cause of abrupt lithological changes, both horizontally and vertical-
ly. However, the heavily dissected landscape offers an excellent op-
portunity to study the essentially flat lying sediments. 
Ludlow Formation 
Name.--The Ludlow Formation was named by Lloyd and Hares 
(1915) for exposures of sandstones and shales cropping out at Ludlow, 
Harding County, South Dakota. 
Stratigraphic position.--The Ludlow Formation.conformably 
overlies the Hell Creek Formation, the uppermost Cretaceous unit iri 
North Dakota. The Cannonball Formation, which crops out a consider-
able distance to the east of the. studied area, is the marine equiva-
lent of the continental Ludlow (Cvancara, 1965). 
7 
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Figure 1.--Stratigraphic column of the studied area 
within southwestern North Dakota. 
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Thickness ,!!lg extent of outcrop.--Ludlow beds have been map-
ped in northwestern South Dakota and southeastern.Montana and south-
western North Dakota. 
In the Marmarth lignite field, just south of the studied area, 
Brant (1953) measured a thickness of 250 feet. May (1954) measured a 
thickness of about 250 feet to the wes·t of the studied area, in the 
vicinity of Wibaux, Montana .. The formation thins eastward where it 
interfingers with the Cannonball Formation. Laird and Mitch~ll (1942) 
measured a thickness of 17 to 49 feet in Morton County; North Dakota. 
, This lowermost unit of the studied area crops out along the 
banks of the Little Missouri River in the extreme southern part of 
the studied region. Only the uppermost 30 feet of this unit is ex-
posed, as measured by Crawford (1967). 
Lithology and characteristics.--Dark gray sandstone, silt-
stone, claystone, and shale, with interbedded lignite, comprise the 
sediment types. In the studied area only a drab clayey siltstone, 
somewhat bentonitic, is exposed. The dark gray lithology character-
izes the Ludlow Formation, easily separating it from the yellowish 
gray rocks of t!:1e Tongue Rlver. 
Paleontology.--The Ludlow Formation is essentially unfossil-
iferous except for poorly preserved plant fragments. 
Tongue River Formation 
~.--The Tongue River Formation was named by Taff (1909) 
and elevated to formational status by Royse (1967). The type area 
· di i t along the Tongue River.in north-. consists of se ments cropp ng ou 
eastern Wyoming and southeastern Montana. 
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Stratigraphic. position. --The Tongue River conformably over-
lies the Ludlow or its eastern equivalent, the Cannonball Formation. 
Tongue River sediments are conformably overlain by the Sentinel Butte 
Formation. 
Thickness !!!2, extent of outcrop.--This unit has been mapped 
in northeastern Wyoming, eastern Montana, northwestern South Dakota, 
and southwestern .North Dakota. 
The formation is thickest near Sidney, Montana, where a maxi-
mum thickness of 1200 feet was recorded by May (1954); he also re-
corded a thickness of 600 feet in the Marmarth lignite area, south of 
the studied region. Considerably to the east of the studied area, in 
southern Morton County, North Dakota, Laird and Mitchell (1942) re-
ported a thickness of 180 feet of exposed Tongue River. North of the 
studied area in west-central McKenzie County, North Dakota, Fisher 
(1953) concluded that the approximate average thickness was 305 feet. 
Withi.nthe studied area, Crawford (1967) measured a thickness 
of 313 feet near Bullion Butte. At Chimney Butte, I measured an ex-
posed thickness of 289 feet. 
In conclusion, the formation thins to the east, retains a 
nearly constant thickness to the north and thickens to the south and 
west of the studied area. 
Lithology !!!2. characteristics.--Sediments of the Tongue River 
Formation are characterized by abrupt changes in lithology, both ver-
tically and horizontally. Predominantly they consist of fine-grained 
sandstone, siltstone, claystone, shale, and lignite. In addition, 
thin bentonite beds occur in this unit. "Scoria" is also locally 
abundant. 
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Fresh-water limestone is connnon, especially in the lower part 
of the unit. '!his concretionary deposit forms local mounds or resis• 
tant caps after weathering has removed the overburden. They are gen-
erally less than 20 feet in diameter. Except for plant remains this ·· 
dense rock type is essentially unfossiliferous. 
Numerous other concretions are abundant. Most are composed 
of sandstone or siltstone and stained brown or yellow by iron min-
erals. Many are spherical, though some assume a variety of shapes. 
The large "loglike" forms are characteristic of the region. Pyrite-
marcasite nodules, which assume bizzare shapes, are connnon in.the 
thicker lignites. Selenite cryst·als are also widespread. 
The Tongue River sediments are generally light gray on fresh 
surfaces but weather yellowish gray. The yellowish gray serves to 
distinguish them from the somber browns of the overlying Sentinel 
Butte Formation and the dark grays of the underlying Ludlow Formation. 
At Chimney Butte I have measured a nearly complete section of 
the Tongue River Formation. It will serve to illustrate units typi-
cal of Tongue River sediments. The units are described in Appendix 
I and 'are illustrated on Plate I. 
Tongue River sediments become sandier and coarser grained to 
the west-southwest of the studied area. In Medicine Rocks State Park, 
northern Carter County, Montana, I have noted highly cross-bedded, 
medium to coarse-grained sandstones. The unusual sandstone monuments, 
for which the park is famous, are the erosional remnants of the basal 
Tongue River. 
Paleontologx.--The Tongue River is the most fossiliferous 
formation occurring in the studied area. Plant fossils are common 
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and well preserv~d. The sediments also,contain ve~tebrate remains, 
ostracodes, and fresh-water mollusks. The latter are the most abun-
dant, widespread, and best preserved fossit~. 
I 
Sentinel Butte Formation 
Name.--Leonard (1908) named thi~ unit' for sediments exposed 
at Sentinel Butte, central Golden Valley County, North Dakota. The 
Sentinel Butte was.formerly a ~ember of the' Tong~e River· Formation 
, • '. i I ,., 
but Royse (1967) elevated it to formational status. 
I 
Stratigraphic position.--Sentinel Butte sediments conformably 
overly Tongue River fresh-water deposits. A widespread unconformity 
generally occurs in the upper Sentinel Butt'e (Pettyjohn, 1966, p. 
61). In the studied area, the Sentinel Butte elastics are uncon-
formably overlain by Oligocene· White River 
1(?) sandstones which cap 
the higher buttes. 
Thickness.!.!!!! extent of outcrop.--The Sentinel Butte Forma-
tion crops out in southwestern North Dakota, and southeastern Mon-
tana. In general, the extent of outcrop is more restricted than that 
of the Tongue River (Royse, 1967). 
The Sentinel Butte Formation in southwestern North ·nakota 
varies in thickness from 300 to 500 feet (Beroni and Baur, 1952, p. 
14). In the studied area, Leonard (1908) measured a thickness of 500 
feet at Sentinel Butte; Crawford (1967) measured a thickness of 450 
feet at Bullion Butte. I measured an exposed thickness of 242 feet 
at Tracy Mountain. May (1954) recorded a thickness of 200 feet ex-
posed at Blue Mountain in the Wibaux area, Montana. Hanson (1955) 
measured a thickness of 250 feet at the Elkhorn Ranch area in Billings 
14 
and Golden Valley Counties, North Dakota. A maximum thickness of 575 
feet was reported by Fisher (1953) in west-central McKenzie County, 
North Dakota. The overlying unconformity makes it difficult to es-
tablish original·lateral variation in thickness. 
Lithology and characteristics.--Like the Tongue River Forma-
tion, Sentinel Butte sediments are characterized by abrupt changes 
in lithology, both horizontally and vertically. However, these 
changes are not 9-0 drastic as in the underlying formations; therefore, 
Sentinel Butte clas~ics are easier to correlate laterally. In gen-
eral, these deposits resemble those of the Tongue River except that 
the sediments are somewhat coarser and thicker-bedded. Sandstone, 
siltstone, shale, claystone, and lignite comprise the formation. In 
addition to the above, the Sentinel Butte contains thicker and more 
e:ittensive "scoria" deposits and more bentonite beds than does the 
Tongue River. · 
Contrasting with the underlying formation is the conspicuous, 
near absence offresh-water limestones though concretionary types are 
similar in diversity of shape and composition. Large "loglike" con-
cretions of siltstone or sandstone, darker brown than those of the 
Tongue River, are common. Peculiar, dark brown "cannonball" concre-
tions also characterize the formation. The lignites contain pyrite-
marcasite nodules identical to those in the Tongue River. These sedi-
ments also contain selenite. 
Sediments of the Sentinel Butte Formation are darker than 
those of the underlying Tongue River •. Somber browns differentiate 
Sentinel Butte elastics from the yellowish grays of the Tongue River 
and the dark grays of the Ludlow Formation. Coarseness of the sedi-
I I 
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ments and abundance of bentonite beds also differentiate this unit 
from the others. 
The stratigraphic section measured at Tracy Mountain consists 
of Senuinel Butte sediments and will serve1to illustrate characteris-
tic sediment types of the unit (Plate II and Appendix II). 
Paleontology.--The Sentinel Butte·Formation contains verte-
brate remains, plants, ostracodes, and fresh-water mollusks. Fossils 
are not so abundant nor so well preserved as in the underlying Tongue 
River sediments. ,, 
White River Formation 
Name.--This formation was named by Meek.and Hayden (1858) for 
exposures near the mouth of the White River in south-central South 
Dakota. 
Stratigraphic position.--The White River Formation unconform-
ably overlies the Sentinel Butte Formation in the studied region (Ber-
oni and Bauer, 1952, p. 24). Excluding Holocene valley sediments and 
(Pleistocene?) Little Missouri River alluvium, the White River is the 
youngest formation in the studied area. It forms the cap rock on. 
some of the higher buttes and where present it remains uncovered by 
younger sediments. 
Thickness~ extent of outcro2.--White River sediments have 
been mapped in South Dakota, northeastern Colorado, eastern Montana, 
Nebraska, Wyoming, and southwestern North Dakota. In the studied area 
they are confined to the cap rock on some of the higher buttes such 
as Sentinel Butte and Bullion Butte. 
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At Bullion Butte Crawford (1967) measured 79 feet of exposed 
White River and inferred that another 35 feet were concealed. Beroni 
and Bauer (1952, p. 24) estimated that the thickness of White River 
sediments varies from 75 to 125 feet in southwestern North Dakota. 
Lithology and characteristics. --on Bullion Butte the forma-
tion is predominantly a massive columnar-jointed sandstone. The up-
per three feet consist of a grayish purple siltstone. Since no fos-
. sils have been found in the cap rock at Bullion Butte, there remains 
doubt whether this unit belongs to the White River. 
Paleontology.--The White River Formation is well known for 
its rich marmnalian fauna in South Dakota. However, in North Dakota 
fossils are relatively scarce. No fossils have been found in Bul-
lion Butte. But at Sentinel Butte, C. A. White collected the first 
two fish fossils in 1882 (Leonard, 1908, p. 64). Since then numer-
ous specimens have been quarried out by ~ollectors. Because the 
White River of North Dakota is poorly fossiliferous, it is difficult 
to correlate thi~ unit with other areas. 
SYSTEMATIC PALEONTOLOGY 
The classification of bivalves is after that of Vokes (1967). 
Classification of gastropods follows that of Taylor and Sohl (1962). 
Specimens are on repository at the University of North Dakota 
Department.of Geology. 
Localities are described in Appendix III. Plate VI (in folde~ 
illustrates the fossil localities occurring in the studied area. 
Three symbols are used in denoting abundance. They are as 
follows: Rare (R) indicates that few specimens have been observed, 
usually less than five. Common (C) denotes that a species is well 
represented at a locality and between five to fifty specimens have 
been noted. Abundant (A) denotes_ that many examples of the species 
occur at the locality, generally in excess of fifty. 
Phyllum Mollusca 
Class Bivalvia 
Subclass Palaeoheterodonta 
Order Unionoida 
Superfamily Unionacea 
Family Unionidae 
Subfamily Unioninae 
Genus Plesioelliptio Russell 
~ species.--Unio priscus Meek and Hayden, 1856. 
Generic description.--Shell of medium size narrowly to 
broadly ovoid. Beak sculptured with a few fine, close-set 
plications, concentric or double-looped, and having two 
18 
slightly divergent, straight or gently curved lines direct-
ed posteroventrally. No posterior radiating ornamentation. 
Other shell characters as in typical Elliptio (Russell, 1934, 
p. 3). 
Remarks.--Russell (1934) erected the subgenus Plesioelliptio 
for reception of Cretaceous-Paleocene Elliptio-like bivalves. Tozer 
(1956, p. 36) concluded that the subgenus Plesioelliptio was worthy 
of generic rank and elevated it to that ca~egory. I agree with To-
zer even though Plesioelliptio resembles Elliptio closely. The pre-
sence of the two divergent, straight or gently curved, ridges which 
are directly posteroventrally and the fact that the North Dakota Ples-
ioelliptios from the studied area have pitted adductor muscle scars 
inclines me to favor Tozer's assignment of this species to Plesioel-
. liptio. To my knowledge Elliptio bears smooth adductor muscle scars 
and does not possess the two divergent posteroventrally directed rid-
ges. The restricted geologic range of. Plesioelliptio, Cretaceous to 
Lower Eocene (Tozer, 1956, p. 39), also compels me to agree with To-
zer's reassignment. 
Plesioelliptio priscus (Meek and Hayden) 1956 
Plate IV, Figs. 1, 6~8, 10, 12, 13, 15 
~ priscus Meek and Hayden, 1856, p. 117, Meek, 
1876, p. 516, Pl. 43, Fig. 8. White, 1883, p. 432, Pl. 
14, Fig. 1. 
Elliptio (Plesioelliptio) priscus (Meek and Hayden). 
Russell, 1934, p. 3. 
Plesioelliptio priscus (Meek and Hayden). Tozer, 
1956, p. 40, Pl. 2, Figs. 1, 2. 
Species description.--E· priscus is characterized by 
an elongate-ovoid shell and a moderately angular postero-
ventral extremity, with the umbones situated about one-
fifth of the total length froni. the anterior margin (Tozer, 
1956, p. 41). 
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Material.--Hypotypes, UND Nos. 13177, 13182, 13183, 13184, 13186, 
13188, 13190. In addition, there are 228 valves from the Tongue River 
Formation and 4 valves from the Sentinel Butte Formation. 
Occurrence.--This species occurs at the following localities: 
A260 (R), A262 (C), A264 (C)·, A266 (C), A269 (C), A270 (C), A273 (R), 
A275 (R), A276 (R), A277 (C), A278 (R), A279 (R), A363 (R). All speci-
mens were collected fro.m the Tongue River Formation except A273 and 
A278 which were collected from the Sentinel Butte Formation. 
Remarks.--E· priscus is the most common unionid occurring in 
the studied area. It is fortunate that many specimens were found in 
which the fine double-looped beak sculpture is well preserved. I 
have tried unsuccessfully to identify this species by dentition and 
shell shape alone. Dentition varies considerably and can be.confused 
with that of Rhabdotophorus senectus (White), also occurring in the 
studied area. Shell shape deviates from the·typical elongate Ellip· 
!..!g-like forms as illustrated in Plate IV, Figures 7 and 8. A more 
rounded shape.also occurs as in Plate IV, Figure 6, 10, and 13. 
The geologic range of this species is Upper Cretaceous through 
Paleocene (Russell, 1934, p. 3). 
Genus Rhabdotophorus Russell 
~ species.--Rhabdotophorus gracilis Russell, 1935. 
Generic description.--Shell ovoid, more or less elon-
gate. Beaks well in advance of midlength, unornamented. 
Postumbonal slope ornamented by a series of fine,.curved 
costae,·sweeping back.wards and upward, commonly interrup-
ted by the heavier growth lines. Hinge plate narrow; two 
wedge-shaped pseudocardinal teeth on left valve; one peg-
like tooth on right valve; lateral teeth slender and pos-
teriorly placed, two on left and one on right valve. An-
terior adductor scar with dendritic pattern (Russell, 1935, 
p. 118-119). 
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Remarks.--Russell erected the genus Rhabdotophorus for the 
reception of fossil shells that have in common fine, curved costae 
on the pbst-umbonal slope. He also mentioned the close relation-
ship existing between Elliptio and Rhabdotophorus. Ih the speci-
mens from the studied area it is extremely difficult to different-
iate Plesioelliptio from Rhabdotophorus by dentition alone. There-
fore, I am in agreement that Plesioelliptio and Rhabdotophorus are 
related, but concentric beak sculpture and difference in shell orna-
mentation compels me to agree that Rhabdotophorus is worthy of gen-
eric rank. The restricted geologic range, Upper Cretaceous through 
Paleocene (Henderson, 1935, p. 81), also favors my acceptance of the 
genus Rhabdotophorus. 
Rhabdotophorus senectus (White) 1877 
Plate IV, Figs. 2-5, 9, 11, 14 
Unio senectus White, 1877, U.S. Geol. Su~v. Terr., 
Bull. 3, p. 600. 1883b, p. 432, Pl. 14, Figs. 1, 2. 
Medionidus (?) senectus (White). Russell, 1934, p. 3. 
Rhabdotophorus senectus (White). 'Russell, 1935, p. 118. 
Tozer, 1956, p. 41-42, Pl. II, Figs. 3a-b. 
Species description.--Shell elongate-subelliptical in 
marginal outline; convexity of the valves comparatively 
slight, and nearly uniform over the whole surface; some-
times a little straightened; front regularly rounded; pos-
terior margin also rounded, but sometimes more abruptly so 
than the front; beaks scarcely definable as such from the 
body of the shell, situated at about one-fifth of the length 
of the shell from the front; hinge well developed; cardinal 
teeth prominent, but somewhat thin; lateral teeth long and 
well formed, having between their anterior end and the car-
dinal. teeth a considerable plain space (White, 1883, P• 69). 
Material.--Hypotypes, UND Nos. 13178, 13179, 13180, 13181, 
13185, 13187, and 13189. In addition, there are 127 valves from the 
Tongue River Formation. 
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Occurrence.--This species occurs at the following localities: 
A264 (A), A266 (R), A363 (R). All specimens were collected from the 
Tongue River Formation. 
Remarks.--];. senectus is not common in the studied area. 
However, at locality A264 well preserved examples of this species 
were found. From this ·locality, specimens illustrating concentric 
beak sculpture (Plate IV, Fig. 3), which is lacking in the holotype, 
were collected. This species may be more common than it appears to 
be in the studied area. Many exfoliated valves which were collected 
might be assigned to this species. 
The geologic range is Upper Cretaceous through Paleocene (Hen-
derson, 1935, p. 81). 
General Remarks Regarding the Unionidae 
Bivalves are common in Tongue River sediments. Complete 
specimens with both valves together are extremely rare. Most are 
flattened, poorly preserved, and if in sandstone, are difficult to 
extract. Many bivalves possess an exfoliated umbone. Generally, 
only parts of the umbone with dentition and some of the hinge area 
are found. Consequently, if the shells are exfoliated ft is diffi-
cult to identify the species. 
Because of poor preservation and incomplete specimens, I was 
unable to identify all the Unionids collected in the studied area. 
The following is a list of localities with the relative abundance of 
unidentifiable Unionids: A260 (R), A262 (C), A263 (R), A264 (A), 
A266 (C), A269 (R), A270 (A), A272 (C), A277 (C), A278 (C), A279 (C), 
A363 (R). 
11 ! 1 
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I believe that the two species described compose most of the 
Unionids within the studied area, but other species may occur. Per-
haps one or two species more will be described when additional, well-
preserved specimens are collected. 
The Sentinel Butte FQrmation yielded only a few specimens of 
Plesielliptio priscus which were preserved well enough to identify. 
'I l 
Other specimens from this formation were highly exfoliated. So, it 
I • 1 I ,' l , 1 
is from,this unit that r" suspect most of the new discoveries will 
come. 
Even though most specimens are exfoliated and fragmented, 
X-ray data confirm that the original shell mate;rial ·is still arago-
1 I 1 
nite (Analysis by H,arlan K. Friestad, UND,,1968). 
Subclass Heterodonta 
Order Myoida 
Suborder Myina 
Superfamily Myacea 
Family Corbulidae 
Genus Bicorbula Fischer 
~ species.--Corbula gallica Lamarck. 
Generic description.--The shell is large, inequi• ... · 
valved, with the right valve larger and higher than the 
left. The posterior keel is obsolete, more prominent on 
the left than on the right valve. Concentric sculpture is 
suppressed and feeble with an obscure radial striatein on 
the left valve. 
The right hinge is reduced, with a prominent anterior 
cardinal. The resilial pit extends far behind the base of 
the cardinal to a thickened area immediately under the 
strongly curved opisthogyrous umbone, the tip of which is 
protected by a thin callus projecting forward from ab?ve 
the cardinal. The left valve has a long, slender, project-
ing upcurved chondrophore. The anterior cardinal socket 
is deep, open posteriodorsad, but closed anteriodorsad by 
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a rugose plX>jection of the left margin. The dorsal interior 
of the right valve is obscurely grooved for the reception 
of the left. Muscle scars are relatively small and not 
sharply delimited; a broad, very shallow pallial sinus is 
present (Vokes, 1945, p. 15). 
Bicorbula mactriformis (Meek and Hayden) 1856 
, Plate V, Figs. 1-6, 10-12 
Corbula mactriformis Meek and Hayden. Meek and Hayden, 
1856, p. 117. 
Corbula (Pachyodon) mactriformis Meek and Hayden 
Meek, 1876, p. 528-529, Pl. 43, Figs. 7a-f. 
Corbula mactriformis Meek and Hayden. White, 1883a, 
p. 80; 1883b, p. 442, Pl. 18, Figs. 12-15 .. 
Bicorbula mactriformis (Meek and Hayden). Cvancara, 
1966, p. 345-346, Pl. 8, Figs. 1-3. 
Species description.--Shell small, ovate-subtrigonal, 
moderately convex; anterior margin narrowly rounded or ob-
scurely subtruncate; beaks rather elevated, anterior to the 
mid-length of shell; obscure posterior umbonal ridge extends 
from beaks to posteroventral margin; external ornamentation 
smooth except for growth lines. Internally, right valve 
with small obtuse cardinal tooth (3b) and rather large, deep 
resilial pit; left valve with oblique, compressed chondro-
phore; adductor muscle scars faint, anterior scar narrow-
ovate, posterior scar larger and broader; pallial sinus 
broad and shallow (after Meek, 1876, p. 528-529; taken from 
Cvancara, 1966, p. 356-347). 
Material.--Hypotypes UND Nos. 13191, 13192, 131~3, 13194, 
13195, 13196, 13200. Numerous specimens occurring in "coquina-like" 
deposits have been collected in the Tongue River Formation. 
Occurrence.--Jl· mactriformis occurs at the following locali-
ties: A265 (A), A269 (A), A274 (C), A275 (A), A277 (R), A361 (A)~ 
All specimens were collected from the Tongue River Formation. 
Remarks.--This species is abundant in the studied area and 
often forms coquina beds. There is a wide.variation in shell shape 
ranging from sub-ovoid (Plate V, Fig. 1) to sub-trigonal (Plate V, 
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Fig. 6). Growth lines are well expressed. When both valves occur, a 
rare occurrence, the valve size discrepancy is quite obvious. The 
single obtuse cardinal tooth and resilial pit of the right valve with 
the chondrophore of the left valve easily separate it from all other 
bivalves of the studied area. 
The geologic range of]. mactriformis is Paleocene; it has 
been recorded only from the Fort Union Group (Henderson, 1935, p. 125). 
Class Gastropoda 
Subclass Streptoneur~ 
Order Mesogastropoda 
Superfamily Viviparacea 
Family Viviparidae 
Genus Viviparus Montfort. 
~ species.--Viviparus fluviorum Montfort, 1810. 
Generic description.--Shell ovate or conoid-subovate, 
thin, usually with a small umbilical perforation; volu-
tions rounded or more or less flattened; surface smooth, 
or with revolving lines or carinae; epidermis olivaceous, 
often with revolving bands of color; aperture more or less 
regularly oval; outer lip thin, straight in outline, and 
continuous on a plane with the inner. Oper~ulum cornius, 
entirely annular (Meek, 1876, p. 576). 
The ge9logic range of Viviparus extends from Jurassic through 
Holocene (Moore, R. C., 1960, p. 318). 
Viviparus retusus (Meek and Hayden) 1856 
Plate V, Figs. 13, 14, 15, 17 
Paludina retusa Meek and Hayden, 1856; p. 122. 
Vivipara retusa (Meek and Hayden). Meek and Hayden, 
1860, p. 185. 
Viviparus retusus (Meek and Hayden). Meek, 1876, P• 
578, Pl. 44, Figs. Sa-£. White, 1883, P• 46 7, Pl. 24, 
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Figs. 1-3. Russell, 1931, p. 7, Pl. 1, Figs. 5-6. Yen, 
1948, p. 40, Pl. 10, Fig. 3. Tozer, 1956, p. 56, Pl. 4, 
Figs. 1, 2. 
Species description.--Shell of medium size, obliquely 
subovate in outline; spire rather depressed-conical, ob-
tuse at the summit; volutions five to five and a half,. more 
or less convex; last one generally more than equaling the 
height of the spire, obliquely flattened or sometimes a lit-
tle concave near the suture, prominently rounded or obscure-
ly subangular a little below the middle; suture well defined; 
surface marked by distinct oblique lines of growth, with 
sometimes on the upper whorls very faint traces of extreme-
ly minute revolving striae; aperture broadovate, somewhat 
angular above, and r.ounded below; inner lip a little thick-
ened, and closely flattened upon the deeply arcuate, imper-
forate columella; outer lip very oblique in outline. Api-
cal angle varying with age from 90° to 70° (Meek, 1876, p. 
,578). " 
Material._--Hypotypes, UND Nos. 13201, 13203, 13205, 13209. 
In addition to the hypotypes, 23 specimens were collected from the 
Tongue River Formation. 
Occurrence. --A279 (R), A361 (C). All specimens., including 
24 others, were collected from the Tongue River Formation. 
Remarks.--_y. retusus is rare in the studied ,.area; only one 
specimen has been collected. Though not well preserved, it bears 
the angular periphery of the wh.orls and the obtusely rounded apex, 
characteristic of the species (Plate V, Fig. 13). Other specimens· 
from outside the studied area (A361) lack the angular periphery of 
the whorls but resemble this species in other aspects (Plate V, Figs. 
15, 17). 
This species ranges from Upper Cretaceous through Lower Eo• 
cene (Henderson, 1935, P• 174). 
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Viviparus trochiformis (Meek and Hayden) 1856 · 
' 
Plate V, Figs. 14, 16, 21 
Paludina trochiformis Meek and Hayden, 1856, p. 122. 
Vivipara trochiformis (Meek and Hayden). Meek and Hay-
den, 1860, p. 185. 
Viviparus trochiformis (Meek and Hayden). Meek, 1876, 
p. 580, Pl. 44, Figs. 2a-e. White, 1883, p. 467, Pl. 24, 
Figs. 10-16. Tozer, 1956, p. 58, Pl. IV, Fig. 3. 
Species description.--Shell conoid-subtrochiform, rather 
thin; spire moderately elevated, pointed at the apex; volu-
tions six, obliquely 80tnpressed, though not quite flattened, 
each having around the middle two small revolving ridges; last 
one, especially in young and medium-sized speci~ens, distinct-
ly ~ngular below the two revolving ridges; suture distinct, 
but generally not very deeply impressed; surface marked by 
rather fine lines of growth, which are crossed by exceedingly 
delicate, obscure, revolving hair lines; apexture broad rhom-
bic-ovate, or subcircular, very slightly oblique; inner lip 
rather thin, a little reflected upon the deeply arcuate colu-
mella, so as nearly, or sometimes quite close to the very 
small, oblique, umbilical pit (Meek, 1856, p. 580-581). 
Meek (1956, p. 581) also mentioned that the apical angle di-
verges about 67° and that the two revolving ridges become obsolete on 
the spire and on the body whorl o+ old individuals. 
Material.--Hypotypes, UND Nos. 13203, 13204, 13209. In addi-
tion, 13 more specimens were collected from the Tongue River Forma-
tion and parts of 2 specimens were collected in the Sentinel Butte 
sediments~ 
Occurrence.--Specimens were collected at the following locali-
ties: A264 (R), A266 (R), A269 (R), A273 (R), A277 (R), A279 (R), 
A360 (C). 
Remarks.--Though widespread, this species is rare in the 
studied area. It can be easily distinguished from y. retusus by the 
acute conical apex, the two revolving ridges on the whorls, and the 
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trochiform shell which does not resemble the familiar modern North 
· American viviparids. 
J:.. trochifonnis seems to be restricted to the Upper Cretaceous 
and Paleocene with a widespread geographic distribution (Henderson, 
1935, p. 175). 
Genus Campeloma Rafinesque 
~ species.--Campeloma crassula Rafinesque, 1819. 
Generic desfription.--Usually large, thick and solid, 
imperforate; olivaceous green, unicolored; spire p~oduced, 
turreted; whorls smooth, rounded or shouldered; apexture 
oval, inner lip more or less sinuous; lip simple, columella 
and parietal wall ucually callously thickened (Baker, 1928a, 
p. 52-53). 
~e geologic range of Campeloma is Upper Cretaceous through 
Holocene (Shimer and Shrock, 1944, p. 487). 
Campeloma nebrascensis (Meek and Hayden) 1856 
Plate V, Figs. 7, 19, 23a 
Bulimus nebrascensis Meek and Hayden. Meek and Hay-
den, 1856, p. 118. 
Paludina multilineata Meek and Hayden (Ibid., p. 120). 
Vivipara multilineata (Meek and Hayden). Meek and Hay-
den, 1860, p. 185. 
Campeloma multilineata (Meek and Hayden). Yen, 1948, 
p. 41, Pl. 10, Figs. 4, ra-c, 5, 5a-b. Tozer, 1956, P• 61, 
Pl. V, Figs. lla-b. 
Species description.--Shell subovate; spire moderate; 
volutions six, convex, ·increasing gradually in size, last 
one rather large and rounded; suture deep; surface marked 
by fine obscure lines of growth, and numerous.stronger re-
volving thread-like striae; aperture comparatively small, 
obliquely ovate; inner lip thin and reflexed below, so as 
nearly to cover the sma.l~deep, umbilical perforation (Meek, 
1876, P• 586). 
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Meek (Ibid.) also stated that the apical angle measures 
about 55°. 
Material.--Hypotypes UND Nos. 13197, 13207, 13211. About 212 
specimens are available from the Tongue River Formation and 14 speci-
mens from the Sentinel Butte Formation. 
Occurrence.--_g. nebrascensis occurs at the following locali-
ties: A260 (C), A262\ <sc), A264 (R), A266 (C), A269 (C), A270 (A), 
A272 (C), A275 (A), A276 (C), A277 (C), A279 (A), A360 (C), A361 (C), 
A362 (C). All specimens have been .collected in the Tongue River For-
mation except those from A272, which were collected in the Sentinel 
Butte Formation. 
Remarks.--This species is the most common and widespread gas-
tropod within the studied area. It is easily identified by the spiral 
ornamentation. Some specimens lack the ornamentation on the whorls, 
but it can often be observed in the umbilical area. Within the stud~ 
ied area the species varies somewhat in the inflation of the whorls. 
Some specimens are well inflated (Plate V, Figs. 19, 23a); others are 
less inflated and even appear to possess a slight keel just below the 
suture. Often this species is compressed and the early whorls which 
are highly inflated are well preserved, perhaps because they are 
i 
strengthe;·· with additional shell material (Plate V, Fig. 7). If only 
the apical whorls occur it is difficult to distinguish _g. nebrascensis 
from many viviparids •. 
The geologic range of this species is from Upper Cretaceous 
through Paleocene (Henderson, 1935, P• 183). 
30 
Genus Lioplacodes Meek 
~ species.--Melania veterna Meek and Hayden, 1864. 
Generic description.--Lioplacodes is regarded as a mod-
erately prolific late Mesozoic-early Tertiary genus charac-
terized by a narrowly perforate shell of elongate-ovate out-
line, composed of whorls of variable convexity, with the 
body whorl little dilated, a continuous peristome, and vari-
ably developed spiral sculpture (Tozer, 1956, p. 62). 
Remarks.--I have concluded that the following species belong 
to this genus. And by so doing, this generic assignment agrees whol-
ly with that of Tozer and partially with that of Yen and Russell. 
Yen (1948, p. 41) assigned '~." tenuicarinata and "].." limneaformis 
to the genus Lioplacodes Meek. However, he referred '~. " nebras-
cens is to the genus Goniobasis Lea. Russell revived Lioplacodes in 
1942 by describing _1. bituminis and comparing it with "11," nebr,as-
censis, anticipating Yen to place "!f. 11 nebrascensis and ''.]!." limnae-
formis to Lioplacodes (Tozer, 1956, p. 62). 
I disagree with Yen's assignment of "11·" nebrascensis to the 
genus Goniobasis for the following reasons: (1) Goniobas'is is im-
perforate (Baker, 1928, p. 179-180); the specimens from the studied 
area referred to as Lioplacodes are definitely perforate. (2) Gon-
iobasis does not bear spiral ornamentation whereas at least two of 
the species from the studied are&do bear spiral ornamentation. 
Others claim that Lioplacodes resembles Lioplax Troschel. 
Yen (1946a, p. 44) claims that Lioplax has a narrow and 'moderately 
deep umbilicus and a shell of ovately globcse outline, strongly con~ 
vex whorls, which often form deeply impressed sutures. Lioplacodes 
does not possess these features. 
(/ 
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Lioplacodes differs from Pleurocera, which it also closely 
resembles, by being perforate and by lacking the canaliculated lower 
aperture (Baker, 1928, p. 171). 
Lioplacodes limnaeformis (Meek and Hayden) 1856 
.. 
Plate V, Figs. 8, 24b 
Bulimus limnaeformis Meek and Hayden, 1856, p. 118. 
Thaumastus limnaeformis (Meek and Hayden). Meek, 1876, 
p. 553, Pl. 44, Figs. 8a-d. White, 1883b, p. 454, Pl. 25, 
Fig. 24. 
Campeloma limnaeformis (Meek and Hayden). Russell, 1929, 
.P• 81~ Pl. 1, Figs. 1-3. 
Lioplacodes limnaeformis (Meek and Hayden). Yen, 1946, 
P• 43, Pl. 1, Figs. 4a-b. Yen, 1948, p. 41, Pl. 10, Fig. 11. 
Tozer, 1956, p. 62, Pl. IV, Figs. 1-8. 
Species description.--Shell of medium size, elongate-
ovate in outline. Whorls 7 to 8, sides almost flat, with a 
narrowly rounded shoulder anterior to the suture, which is 
slightly channelled; Aperture subovate, rounded in front, 
.angular behind, labr.al profile vertical, peristome continu-
ous. Axis imperforate or very narrowly perforate. Surface 
smooth, polished; growth lines not prominent, almost straight 
and vertical on the sides with a slight parasigmoid sinuosity 
on the shoulder (Tozer, 1956, p. 63). 
Material.--Hypotypes, UND Nos. 13198, 13212. In addition: 
to the hypotypes, there are approximately 50 specimens from the Ton-
gue River Formation and 5 from the Sentinel Butte Formation. 
Occurrence.--1· limnaeformis has been collected at the fol-
lowing localities: A266 (R), A275 (A), A277 (R), A279 (C), A361 (R), 
A362 (R), A366 (R). All specimens from the studied area occur in the 
Tongue River .Formation. However, five specimens from the Sentinel 
Butte Formation (A366) were donated by Dr. Lee Clayton. 
Remarks.--This species is easily distinguished from the other 
two, 1• tem.: :.ca: i.nata (Meek and Hayden) and 1· nebrascens is (Meek and 
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Hayden), by its diminished size and lack of any type of spiral orna-
mentation. It is my impression that of the three species of Liopla-
codes, 1• limnaeformis is most similar to Goniobasis Lea. 
The geologic range of 1• limnaeformis is from Cretaceous 
through Paleocene (Henderson, 1935, .p. 180). 
Lioplacodes nebrascensis (Meek and Hayden) 1857 
Plate V, Figs. 9, 18, 20, 22 
Melania nebrascensis Meek and Hayden, 1956, p. 124. 
Goniobasis nebrascensis (Meek and Hayden). Meek, 1876, 
p. 565, Pl. 73, Figs. 12a-h. Yen, 1948, p. 42, Pl. 10, Fig. 
9. 
Lioplax nebrascensis (Meek and Hayden). Russell, 1931, 
p. 13, Pl. 2, Figs. 2-5. 
Lioplacodes nebrascensis (Meek and Hayden). Tozer, 
. 1956, p. 63, Pl. VI, Figs. 7-19. 
Species description.--Shell moderately broadly ovate 
in outline, height· of body whorl slightly more than 1/3 of 
the altitude. Whorls 6~ to 8, increasing in size rather 
rapidly; first 3 with convex sides and impressed suture; 
later whorls with flat sides, faintly Bhouldered behind, 
with the suture slightly channelled. Aperture pyriform, 
peristome continuous, occasionally somewhat produced in 
front. Sculpture variable, when well developed consists 
of spiral raised lines of varying prominence, two of 
which are well marked on the anterior half of the third 
and fourth whorls; sculpture exhibits no constant differ-
entiation on later whorls. Growth lines prominent, mod-
erately strongly parasignmoid (Tozer, 1956, p. 64). 
Material.--Hypotypes, UND Nos. 13199, 13206, 13208, 13210. 
A total of 165 specimens were collected from the Tongue River For-
mation. 
Occurrence.--This species is known to occur at the following 
localities: A262 (C)., A266 (C), A269 (C), A277 (R), A279 .(R), A360 
(C), A361 (C), A362 (A). All specimens were collected in the Ton-
gue River Formation. 
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Remarks.--The, lack or poor development of spiral ornamenta-
tion is usually sufficient to distinguish this species from 1• tenui-
carinata (Meek and Hayden). It is my impression that from the three 
species of Lioplacodes Meek within the studied· area, L. nebrascensis 
resembles most closely the genus Campeloma Rafinesque. 
The geologic range of.this species is Upper Cretaceou1:3 through 
Eocene (Hendersont 1935t p. 186). 
Lioplacodes tenuicarinata (Meek and Hayden) 1857 
Plate V, Figs. 23b, 24c 
Melania tenuicarinata Meek and Hayden, 1957, p. 137. 
Goniobasis tenl.ficarinata (Meek and Hayden). Meek, 1876, 
p. 566, Pl. 43, Figs. 14a-c. White, 1883, p. 463, Pl. 26, 
Fig. 11. 
Lioplacodes tenuicarinata (Meek and Hayden). Yen, 1948, 
p. 41, Pl. 10, Figs. 7, 7a-c. Tozer, 1956, p. 66, Pl. VI, 
Figs. 15a-b, 16a-b. 
Species description.--Shell elongate-ovate in outline, 
height of body whorl rather more than one-third the altitude, 
Whorls 7 to 8, convex throughout development, suture well im~ 
pressed. Aperture pyriform, peristome continuous, inner lip 
detached, producing a small umbilical chink. First 3 whorls 
smooth, anterior half of succeeding whorls with regular spiral 
sculpture·consisting of from 3 (on the fourth whorl) to 5 (on 
the body whorl) regular raised ridges, decreasing in promi-
nence towards the base of the whorls; intervening areas with 
very fine, regular, spiral lines. Growth lines parasigmoid, 
obscure, regular (Tozer, 1956, p. 66). 
Material.--Hypotypes, UND Nos. 13211, 13212. In addition to 
the hypotypes, 15 specimens were collected in the Tongue River For-
mation and 3 specimens (A366) were received from Dr. Lee Clayton who 
collected them in the Sentinel Butte Formation outside the studied 
area. 
Occurrence. --A275 (C), A366 (R). Specimens· from. the studied 
area were collected from the Tongue River Formation. 
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Remarks.--This species can readily be distinguished from 1. 
nebrascensis by its persistent spj ~al ornamentation and the more con-
vex whorls.' It appears to be rare in the studied area. 
The geologic range of this geographically widespread species 
is .Upper Cretaceous through Eocene (Tozer, 1935, p. 229~210). 
/ 
BIOSTRATIGRAPHY 
Introduction 
One of the purposes of, this study was to evaluate the use of 
fresh-water molluscan fossils as stratigraphic indicators •. For that 
reason two stratigraphic sections were measured and a third was ex-
tensively studied. These sections served as stratigraphic control 
for determining possible fossil zones. Plate. III illustrates these 
sections, arranged according to altitude. It includes the strati-
graphic position and list of species occurring in each zone, and the 
relative abundance of the species present. 
All of the localities listed in Appendix III are not includ-
ed on Plate III for the following reasons: (1) The localities given 
are those for species that have been definitely identified; at other 
localities only fragments of fossils occurred which could not be 
identified. (2) At some of the localities it was impossible to de-
termine the correct stratigraphic horizon because the fussil sites 
were too far removed from the control centers o~ the lithologic se-
quence appeared so unfamiliar that a definite correlation could not 
be made. (3) Some of the fossils were collected by others from lo-
calities considerably removed from the studied area. (4) At some 
stratigraphic control points (Tracy Mountain and Chimney Butte) very 
few fossils occurred in the region. 
35 
36 
Molluscan Fossils of the Tongue River Formation 
Table 1 lists· the nine species of molluscan fossils occurring 
in Tongue River sediments within the studted area. A few comments re-
garding usefulness of molluscan +cssils in correlation will follow. 
It must be stressed that this information applies to mollusks occur-
ring within the studied area. 
!• priscus (Meek and Hayden) is the most co1JJmon and widespread 
bivalve occurring throughout the section. Therefore, it is of little 
value in correlation. 
" 
];. senectus is common at only one l?cality (A264) near the 
bottom of the section~ Some individuals also occurred near the top, 
but this species is conspicuously absent in the center. This species 
is restricted to the Tongue River Formation. 
B. mactriformis is a common bivalve and occurs throughout the 
section. Of particular interest is the fact that it is usually as-
sociated with carbonaceous sediments near lignites. It is also re.-
stricted to the Tongue River Formation. 
J.• retusus is a rare gastropod and occurs near the base of the 
section; it also is restricted to Tongue River sediments. 
y_. trochiformis, though uncommon, occurs throughout the Tongue 
River and Sentinel Butte sections. 
~. nebrascensis is the most common and widespread gastropod 
occurring within_the studied area. Therefore, it is of little value 
in correlation work. 
Lioplacodes limnaeformis, though uncommon, occurs near the up-
per and lower parts of the section; it is absent from the middle beds. 
TABLE 1 
Fossil molluscan species occurring in the Tongue River and 
Sentinel Butte Formations of the studied area. 
TONGUE RIVER FORMATION 
Class Bivalvia 
Family Unionidae 
Plesioelli:etio priscus (Meek & Hayden) 
Rhabdotophorus senectus (White) · 
Family Corbulidae 
Bicorbula mactriformis (Meek & Hayden) 
Class Gastropoda 
Family Viviparidae 
Viviparus retusus (Meek & Hayden) 
Viviparus trochiformis (Meek & Hayden) 
Campeloma nebrascensis (Meek & Hayden) 
Lioplacodes linmaeformis (Meek & Hayden) 
Lioplacodes nebrascensis (Meek & Hayden) 
Lioplacodes tenu1car1nata (Meek & Hayden) 
SENTINEL BUTTE FORMATION 
Class Bivalvia 
Family Unionidae 
Plesioelli:etio priscus (Meek & Hayden) 
Class Gastropoda 
Family Viviparidae 
Viviparus trochiformis (Meek & Hayden) 
Campeloma nebrascensis (Meek & Hayden) 
Lioplacodes Iinmaeformis (Meek & Hayden) 
Lioplacodes tenuicarinata (Meek & Hayden) 
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Lioplacodes nebrascensis occurs throughout the section but 
is confined to the Tongue River Formation. 
Lioplacodes tenuicarinata occurs in the upper;Tongue River 
units. 
To summarize, preliminary work within Tongue River sediments 
of the studied area indi.cates tm t: 
(1) P. priscus, !• senectus, !· mactriformis, £• 
nebrascensis, and 1· nebrascensis are of little 
value as stra'tigraphic indicators for units 
within the,. Tongue River Formation; 
(2) !· senectus and 1• limnaefonnis may have 
limiting value as stratigraphic indicators de-
noting the basal and upper portions of Tongue 
River sediments; 
(3) y. retusus may be of value in indicating lower 
units of the section and L. tenuicarinata may 
.... j 
serve the same purpose for the upper units of 
the Tongue River Fonnation; 
(4) R. senectus, !• mactriformis, y. retusus, and 
L, nebrascensis appear to be important.indica-
tors of the Tongue River sediments since they 
are wholly confined to this formation within 
the studied area. 
Perhaps because molluscan fossils are rare in the Sentinel 
Butte Formation, the presence of the last four species cannot be 
established within the Sentinel Butte sediments of North Dakota. 
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Molluscan Fossils of the Sentinel Butte Formation 
Molluscan fossils are rare in Sentinel Butte sediments, re-
lative to Tongue River sediments. If found, they generally.consist 
of fragments or are poorly preserved. Reasons for this will be 
considered under "Paleoecology." Therefore, the following short list 
includes the species occurring in the studied area: 
Plesielliptio priscus (Meek and Hayden) 
Viviparus trochiformis (Meek and Hayden) 
Campeloma nebrascensis (Meek and Hayden) 
In addition.to the above I received specimens from the Senti-
nel Butte Formation ~utside of the studied area and identified them 
as: 
Lioplacodes linmaeformis (Meek and Hayden) 
Lioplacodes tenuicarinata (Meek and Hayden) 
To the best d· my knowledge, the five molluscan species above 
comprise the maximum number described from the Sentinel Butte Forma-
tion in North Dakota. This reflects the relative scarcity of mollus-
can fossils in the .unit. 
Regarding the use of molluscan fossils <as stratigraphic indi-
cators within the Sentinel Butte Formation, too little data is avail-
able to make any meaningful conclusions. No.mollusks occur within 
these sediments which are not found in the Tongue River Formation. In 
conclusion, it appears that Sentinel Butte sediments do not possess 
any characteristic.molluscan species as Tongue River sediments do. 
on a regional scale only~. priscus and f• nebrascensis trans-
sect formation boundary lines. Since these are the most common and 
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widespread mollusks their use as index fossils for differentiating 
I 
Tongue River-Sentinel Butte sediments ls negligable. 
The range of most of the molluscan fossils includes Upper 
Cretaceous through Paleocene., Many of them commonly occur in the 
Fort Union sediments. Consequently, they are excellent index fos-
sils for determining sediments belonging to the Fort Union Group. 
Vertebrate Remains 
While collecting molluscan fossils, various vertebrate fos-
" 
sil 'remains are frequently encountered. ,Some of these are nearly 
as common as the mollusks. The following are the common vertebrate 
fossils in the studied area: 
Champsosaurus .!I!· vertebrae 
Plastomenus (?) .!I!· shell parts 
Other turtle genera shell parts 
Ganoid (gar?) fish scales 
These fossils occur w.ith about . equal abundance in both Ton-
gue River and Sentinel' Butte sediments. From field observations 
there appears to be little difference in the common vertebrate 
fauna of these two formations. Therefore, the use of common verte-
brate fossils within the studied area for stratigraphic correlation, 
or differentiation of Tongue River-Sentinel Butte sediments, is in-
ferior to the use of mollusks for the same purpose. 
PALEOECOLOGY 
Analysis of the Molluscan Fauna 
Paleocene sediments within the·studied area contain two 
unionid species, one corbuli,d, and six viviparid species (Table 1). 
With the possible exception of the corbulid, B. mactriformis, the 
species assemblage indicates fresh-water environments. 
The fact that only two unionid species occur is significant. 
It may indicate that fewer unionids existed during Paleocene time 
than at present (not·borne out by literature) or it may be accounted 
for by ecologic reasons considered under "Paleoenvironment. 11 
The gastropod fauna is problematical. Why are all the species 
viviparids? The conspicuous absence of terristrial fonns, even 
though equivalent sediments of western Alberta (Tozer, 1956) contain 
terristrial species in addition to eight of the nine forms occurring 
in the studied area, is puzzling. The absence of pulmonates also 
poses problems not easily accounted for. 
It is my impression that a s'olution to the above problems 
will result by a thorough understanding of the paleoenvironments 
during Tongue River-Sentinel Butte time. At present, only gross in-
terpretations can be obtained from the data available. 
Paleoenvironments 
Lithology of the sediments in which fossils occur is impor-
tant for making paleoecologic interpretations, so a qualification of 
41 
42 
the sediment types as used here is necessary. Claystone is consid· 
ered to be a rock type composed of consolidated, non-fissile clay; a 
similar fissile rock type is considered to be a sh.a.le. Mudstone is 
a consolidated rock composed of clay with minor silt; it also lacks 
fissility. This rock type is similar to claystone and sh.a.le and 
these three will be considered the clayey sediments where ecologic 
interpretations are made. Siltstone is a consolidated deposit of 
silt-sized particles with minor clay content. Likewise sandstone is 
considered to be a consolidated rock composed of sand-sized particles. 
Most of the sands;ones are generally very fine- to medium-grained. 
It is my opinion that most of the fossil assemblages were 
subjected to minor transport after death. Bivalves with both valves 
together, were rare and most, of .the specimens occurred randomly dis-
oriented in the sediments. No opercula were found among the gastro-
pods, and their shells were also randomly disoriented. Some trans-
port occurred after death but probably not substantially.enough to 
negate the use of these fossils and enclosing sediments as environ-
mental indicators. If the transportation was considerable, it is 
doubtful that the bivalve beak ornamentation, the spiral ornamenta-
tion on gastropods, and growth lines on the molluscan fossils could 
have been so well preserved. Therefore, my assumption. is that the 
confining sediment types of the fossils are similar to the bottom 
sediments in which the organisms lived. 
Information regarding faunal assemblages, relative abundance 
of species, and associated sediment types is summarized in Table 2. 
The following ecologic implications are derived from data in the 
table and compariso11:1 of fossils to living species. 
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List of fossil molluscan species from the Tongue River and Sentinel Butte Fonnations with localities, 
relative abundance and sediment types. 
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Plesioelliptio priscus, the most common and widespread unionid, 
was abundant in clayey deposits, rare in sandstone, and absent in 
siltstone. Rhabdotophorus senectus was abundant in claystone and 
rare in sandstone. The fact that~. senectus was less widespread 
and less numerous than the preceding unionid may indicate that ft 
was more environmentally sensitive. 
Living unionids occur in lakes, swamps, ponds, rivers, and 
creeks. They prefer rivers to standing bodies of water. In general, 
the larger rivers contain greater number of species of mussels (Daw-
ley, 1947, p. 683; Baker, 1928b, p. 20,25). Bivalves, as well as 
other mollusks require a sufficient supply of calcit.nn carbonate for 
shell growth (Leonard, 1962, p. 28~32). Highly silty environments, 
turbid water, and shifting sand bottoms are seldom tolerated (Leon-
ard, 1962, p. 27-28; Baker, .1928b, p. 22, 24). Since most species 
spend a great deal of time buried in bottom sediments the sediment 
type is important (Baker, 1928b, p. 24), at least on a gross scale. 
Few mussels tolerate deep water, and most are found near shore at 
shallow depth (Baker, 1928b, p. 26; Leonard, 1962, p.' 29). 
Several inferences can be niade about the paleoenviromnents by 
using molluscan fossils. The fact that only two species of unionids 
occur in the sediments may indicate that Tongue River-Sentinel Butte 
sediments were deposited in ephemeral streams (CVancara, oral com-
munication, 1969) or lacustrine deposits with shallow depths. 
The occurrence of Bicorbula mactrifonnis is problematic for 
most members of this family populate temperate ·seas (Morris, 1960, 
p. 90). cvancara (1966, p. 345) reported it from the marine Cannon-
ball Formation to the east of the studied area. This family is also 
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known as the "marsh clams" and on the Atlantic Coast is common at 
the mouths of rivers where the water is brackish (Abbott, 1961, p. 
152). It appears that Jl• mactriformis preferred organic-rich sedi-
ments which were primarily clayey. While conducting fieldwork, it 
was apparent that this species is commonly found near lignite beds. 
This fact has been observed by others. Meek (1876, p. 523) also 
concluded that this species occurs in "fresh- or brackish-watet: lig-
nite beds." I am inclined to disregard the siltstone locality (A268, 
Table 2) because it represents a transported mass of shell debris 
probably deposited in an atypical environment. Working out the 
paleoecology of this species would be a valuable contributio~ for 
Tongue River paleoenvironments, for it may possibly indicate·brack-
ish-water conditions during parts of Tongue River time. 
Viviparus retusus, Viviparus trochiformis, Lioplacodes neb-
rascensis, and Lioplacodes tenuicarinata were most common in clayey 
sediments and rare in sandstone. Lioplacodes limnaeformis was most 
common in clayey sediments but was also common in sandstone. Campe-
loma nebrascensis was the most connnon and widespread gastropod, having 
been abundant in clayey deposits and sandstones, indicating that it 
must have been environmentally tolerant, preferring a wide range of 
habitats. 
Since all of the gastropods belong to the Viviparidae, a sum-
mary of ecologic preferences of modern viviparids for comparative pur-
poses with fossil forms might prove useful. 
Viviparids bear live young, respire with gills, and prefer 
lakes, pond~ and rivers with shallow water and a muddy bottom. The 
more quiet stretches of sandy-bottomed streams are also frequented. 
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At least one genus (Campeloma) is known to burrow in bottom sedi-
ments. Turbid streams and silty environments are avoided (Mainly 
after Baker, 1928a, p. 35, 37, 40, 44, 59, 62,·65, 75). 
The gastropod fauna substantiates the theory that Tongue River-
Sentinel Butte sediments were deposited in shallow, lo~-energy envir-
onments such as lakes, ponds, and sluggish streams. If this theory 
does not hold for all of the Tongue River-Sentinel Butte sediments 
in North Dakota, it should prove true for at least the fossil-bear-
ing deposits. 
This theory also poses problems because the absence of pulmo-
nate gastropods is not accounted for. Pulmonates are lung breathers 
and inhabit lacustrine and pond-like conditions (Leonard, p. 42, 43; 
Baker, 1928a, p. 187, 188). 
Despite the above inconsistency, the molluscan assemblages, 
recent molluscan ecologic data, and paleoecologic infonnation deriv-
ed from sediments containing molluscan fossils, incline me to favor a 
lacustrine environment with ephemeral or sluggish streams as the typi-
cal paleoenvironment during the time of deposition of Tongue River-
Sentinel Butte sediments. Taking such a position places my inter-
pretation in disagreement with the work of Royse (1967a), who con-
cluded that the Tongue River-Sentinel Butte sediments were more flu-
vial in origin. 
Another problem which remains is the fact that Sentinel Butte 
sediments contain a substantially diminished molluscan fauna relative 
to. Tongue River deposits. Only three species are known to occur in 
the studied are~ and a total of five species is reported in this 
study from the Sentinel Butte sediments of North Dakota. 
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Perhaps one or more of t!:e following reasons may be respon-
sible for the condition, for it is my contention that the solution 
may be interpreted from the sediments. 
It may prove beneficial to apply recent ecologic data to the 
sediments containing fossils. For instance, Sentinel Butte sedi-
ments are coarser-grained than those of the Tongue River (Crawford, 
1967, p. 14). Since mollusks prefer muddy environments, which might 
be consolidated to mudstones, shales, and claystones, it is probable 
that conditions in Tongue River sediments were more favorable re-
sulting in greater abundance of numbe:cs and species in that formation 
than in the Sentinel Butte sediments. 
Tongue River deposits are more calcareous than those of the 
Sentinel Butte (Crawford, 1967, p. 21). If the carbonate is primary 
than more mollusks were likely to have inhabited the Tongue River 
sediments since calcium is essential to shell growth. Lower carbo-
nate content of Sentinel Butte sediments would decrease the favor-
ability of that unit for molluscan occupations. 
Sentinel Butte sediments contain more bentonite than do those 
of the Tongue River. High volcanic ash content (which also can fonn 
bentonite) in water would produce a silty environment, not congenial 
for molluscan abundance. Indeed, sediments of the Sentinel Butte 
contain silt as the most abundant sediment type (Royse, 1967a, p. 
223). Mollusks are not abundant. in highly silty enviromnents, and 
Table 2 indicates that few of the fossil species are found in silt• 
stones which were formed from consolidated silty deposits. Also, 
the swelling action and absorbtion of water by bentonites might be 
detrimental to fossil preservation. Water could destroy (by solu-
48 
tion) molluscan shells whereas the swelling action might destroy the 
shells mechanically. 
/ 
CONCLUSIONS 
1. In the studied area, nine fossil molluscan species occur 
in the Tongue River Formation. These include Plesioelliptio priscus 
(Meek and Hayden), Rhabdotophorus senectus (White), Bicorbula ~ 
triformis (Meek and Hayden), Viviparus retusus (Meek and Hayden), 
Viviparus trochiformis (Meek and Hayden), Campeloma nebrascensis 
(Meek and Hayden), Lioplacodes tenuicarnata (Meek and Hayden), Lio-
. --
placodes limnaeformis (Meek and Hayden), and Lioplacodes nebrascensis 
(Meek and Hayden). 
2. Three fossil molluscan species occur in the Sentinel Butte 
\ 
sediments of the studied area and two others are reported for this 
formation from outside the st~died area. The five species include 
Plesioelliptio priscus, Viviparus trochiformis, Campeloma nebras-
censis, Lioplacodes limnaeformis, and Lioplacodes tenuicarinata, 
3. Preliminary work indicates that Rhabdotophorus senectus, 
Bicorbula mactriformis, Viviparus retusus, and Lioplacodes nebras-
censis occur only in Tongue River sediments of the studied area and 
may be useful as stratigraphic indicators for the Tongue River For-
mation of North Dakota. 
4. The use of molluscan fossils as stratigraphic indicators 
in correlation of Tongue River sediments for distm.ces of several 
miles within the studied area proved negligible; it may result from 
the extreme heterogeneity of sediment types both laterally and ver-
tically in this formation. 
49 
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5. A faunal analysis reveals that the molluscan assemblage 
is typically fresh-water with the possible exception of Bicorbula 
mactriformis. This corbulid may indicate brackish-water conditions 
in parts of the Tongue River Formation. 
6. The occurrence of only two unionids may have some eco-
logic implications such as relatively shallow water and low-energy 
environments comparable to modern shallow lakes or sluggish streams. 
7. All the gastropods belong to the family Viviparidae. 
This also suggests shallow water, low-energy environments. Other 
. ecologic implications not understood by the author are the absence 
of terrestrial gastropods and pulmonates. 
8. Considerably more molluscan fossils occur in the Tongue 
River Fonnation than in the Sentinel Butte sediments. Possible ex-
planations may be the ~oarser grain size, greater bentonite, and low-
er calcium content of Sentinel Butte sediments. 
APPENDIX I 
Chimney Butte Section 
Section measured on southeast side of Chimney Butte, N\ sec. 
31, T. 139 N., R. 102 W., southeastern Billings, County, North Da-
kota (see .Plate VI). Unit numbers correspond with those of Plate I. 
Top of section is at top of Chimney Butte. Dry colors are listed. 
Top of section 
SENTINEL BUTTE FORMATION 
Unit 
38 "SCORIA," forms resistant cap •• 
37 ASH, resulting from burning of RT Butte 
lignite ..•• • ..••. 
TONGUE RIVER FORMATION 
36 
35 
CLAYSTONE, yellowish gray (5Y 7/2); poorly 
consolidated basal portion silty; largely 
slumped over by "scoria" • • , • 
SILTSTONE, yellowish gray (5Y 8/1); cross-
bedd.ed near center; lenticular, very 
elev. 2779 ft. 
Thickness 
in ft. 
47.5 
1.0 
18.5 
resistant ledge former . • • • , • . • • • • . 3.0 
34 
33 
32 
CIAYSTONE, medium light gray (N6); some-
what shaley, thin lignite band near center, 
becoming more silty towards top, • , , , . 
SILTSTONE, yellowish gray (5Y 8/1); well 
consolidated basal portion, becoming less 
silty towards top; few spherical, banded, 
limonitic concretions in upper part; 
largely slumped over ••. 
CIArSTONE, light olive gray (SY 6/1); poor-
ly consolidated; silty at base and in upper 
part; largely slumped over . , , , , 
51 
9.0 
7.5 
8.0 
31 
30 
29 
52 
STILSTONE, dusky yellow (SY 6/4); poorly 
consolidated; contains some clay ••••. 
SHALE, medium gray (NS); somewhat powdery, 
irregular limonitic stains •••••••• 
LIGNITE, somewhat sooty, contains yellow 
clay and some selenite ...•.•••• 
28 CLAYSTONE, yellowish gray (SY 7/2); poorly 
consolidated; some silty bands; thin, re-
sistant, limonitic band at five feet above 
base . • • 
27 
26 
25 
SILTSTONE, yellowish gray (SY 7/2); upper 
_part a wide bench former .•••••.•. 
CLAYSTONE, yellowish gray (SY 7 /2).; silty, 
largely slumped over .•••••••••. 
SILTSTONE, yellowish gray (SY 7/2); well 
~ndurated, massive .••.•••••••• 
24 CLAYSTONE, yellowish gray (SY 7/2); silty, 
shaly; contains limonitic stains ••••• ,· •• 
23 
22 
SANDSTONE, yellowish gray (SY 7/2); very 
fine grained, silty at base and near top, 
four-inch limonitic band at five feet 
above base; few "platy" siltstone con-
cretions, small spherical banded limonitic 
concretions 
LIGNITE, sooty. 
21 STILSTONE, dusky yellow (SY 6/4); consider• 
able clay near center; contains a one-inch 
band of very fine grained, well indurated 
sandstone bed at nineteen feet above the 
20 
19 
18 
base . . . . . . . . " . . . . . . . . 
CLAYSTONE, light gray (N8); well indurated, 
thin siltstone band overlain by thin 
lignite barid near center; traces of sele~ 
nite .• • • • • Ill • • • 
LIGNITE, brownish, sooty; contains selenite 
SILTSTONE, dusky yellow (SY 6/4); basal 
. . . 
part well indurated; clayey; small (two-
inch diameter), spherical, limonitic con-
cretions near top; traces of molluscan re-
mains; forms three evenly-spaced benches, , , , 
3.5 
2.0 
2.8 
39.0 
10.5 
8.0 
5.0 
7 •. 2 
15.0 
1.0 
25.0 
5.0 
2.0 
27 .o 
53 
17 CLAYSTONE, yellowish gray (SY 8/1); lignitic 
shale band at top; few molluscan fossil 
·fragments (not collected); largely slumped 
over. 
16 
15 
14 
SHALE, light olive gray (SY 5/2); well 
consolidated; lignitic, contains a ten-
inch siltstone band at 2.5 feet above 
base; steep cliff former 
LIGNITE, somewhat sooty 
CLAYSTONE, light gray (N8); well con-
solidated, contains plant remains 
13 LIGNITE, somewhat sooty; largely slumped 
over •• 
12 
11 
10 
9 
8 
7 
6 
5 
SHALE, light gray (N7); w~ll consolidated, 
fissile • • • • • . • •••• 
CLAYSTONE, light gray (N7); well consoli-
dated; lignitic near top; contains some 
selenite . . . . . . . . . . . . . . 
LIGNITE, slightly sooty; some yellow clay 
near top; selenite very abundant . 
SHALE, brown, lignitic; fissile . . . . . . 
CLAYSTONE, very light gray (N8); well 
consolidated, shaly towards center; small 
(two-inch diameter), spherical, banded, 
limonitic concretions throughout the unit; 
traces of selenite; molluscan fossils; 
(A276, .R_. priscus (r), ~ nebrascensis (c) ); 
fossil zone a good marker for local corre-
lation . . . . . . . . . . . . 
LIGNITE, hard, compact. 
CLAYSTONE, yellowish gray (SY 7/2); silty 
at base, lignitic shale near top; traces 
of selenite . . . . . . .. . . . . . . . . . . • . 
SANDSTONE, yellowish gray (SY 8/1); poorly 
to well indurated, very fine grained; 
"ghost" cross-bedding; silty at base; few 
brown "loglike" limonitic concretions; top 
silty with thin lignitic bands ....••• • · 
7.0 
10.0 
1. 2 
1.3 
5.0 
2.2 
4.0 
3.8 
1.2 
9.5 
o.s 
7.0 
30.0 
4 
3 
2 
54 
CLAYSTONE, grayish orapge (lOYR 7/4); be-
comes siltier near top, few (three-inch 
diameter), elongate, weakly indurated, 
light brown, limonitic concretions .•• 
CLAYSTONE, yellowish gray (SY 8/1); well 
consolidated, contains selenite 
LIGNITE, hard, contains selenite and 
yellow clay; only upper five feet exposed 
1 AL~UVIUM, light gray, silty valley fill; 
base of Chimney Butte at elevation 2442 
feet . . . . . . . . . . . . . . . 
Total Thickness 
1.7 
0.5 
5.0 
337.5 
APPENDIX II 
Tracy Mountain Section 
Section measured on southeast side of Tracy Mountain, NW\ 
sec. 15, NE\ sec. 16, SE\ sec. 9, T. 138 N., R. 101 w., south-cen-
tral Billings_ County,. North Dakota (see Plate VI). Unit numbers 
correspond with.those of Plate II. Top of section is at top of 
Tracy Mountain. Dry colors are listed. 
Top of section elev. 2955 ft. 
SENTINEL BUTTE FORMATION 
· Unit 
43 
42 
41 
40 
39 
38 
37 
36 
SILTSTONE (?), heavily vegetated •• 
SILTSTONE, yellowish gray (5Y 7/2); 
becomes sandier with large silt-
stone and small limonitic concre-
tions near top • ...•.• •~• .•••••• 
. 
CLAYSTONE, dusky yellow (SY 6/4); 
largely slumped over ••••••• . . . . . . 
SILTSTONE, dusky yellow (SY 6/4); 
very weakly indurated •••••• 
SHALE, pale brown (SYR 5/2); lignitic, 
. . . . 
mixed with claystone, fissile •••••••• 
CLAYSTONE, yellowish gray (5Y 7/2); 
silty, contains a two-inch lignite 
band; largely overgrown with plants 
and s 1 umped over . • • • • • • • • • • • • • • 
LIGNITE, somewhat sooty, shaly in upper 
part, contains yellow clay and abundant 
selenite; largely slumped over •••• • . • • • 
CLAYSTONE, dusky yellow (SY 6/4); some-
what silty, traces of lignite; largely 
s 1 umped over • • . • • • • • • • • • • • • 
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. . . 
Thickness 
in ft. 
12.0 
10.0 
2.5 
6.5 
1.5 
24.0 
2.5 
6.5 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
56 
CLAYSTONE, light olive gray (SY 5/2); 
contains five (one-inch thick) lignite 
beds;· largely slumped over • • • • • • • 
SILTSTONE, yellowish gray (SY 7/2); al-
ternating sequence of two-inch bentonitic 
claystone and siltstone beds, some clay-
stone beds limonite-stained, thicker silt-
stone beds near top • • • • • ••• 
SANDSTONE, grayish brown (5YR 3/2); very 
fine grained, contains peculiar "swirly" 
bedding; resis~ant ledge former •••• 
SILTSTONE, yellowish gray (SY 7/2); mas-
. . . . 
sive , case hardened • • • • • • • • • • • • • • 
CLAYSTONE, light olive gray (SY 5/2); 
contains thin, yellowish brown, limonite-
stain bands; one conspicuous band (three-
inch thick) at 3.5 feet above base; few 
(one-inch thick) bentonitic bands; flat-
tened limonitic concretions; traces of 
bivalve fragments • • • • • • • • • • • • • 
CLAYSTONE, light olive gray (SY 5/2); 
very bentonitic, with some limonite 
stained bands •••••••••••• 
SHALE, pale yellowish brown (lOYR 6/2); 
slightly lignitic with some yellow clay, 
fissile • • • • • • • • ••••••••• 
CLAYSTONE, light olive brown (SY 5/6); 
contains some thin siltstone beds ••••••• 
SILTSTONE, light olive gray (SY 5/2); 
well indurated, contains (one-two-inch 
thick) beds of claystone and yellowish 
brown limonitic concretions (two inches 
in diameter) . . . . . . . . . . . •. • , .. 
CLAYSTONE, light olive gray (SY 5/2); 
silty, contains (three-inch diameter) 
friable siltstone concretions ••••• • • • • 
LIGNITE, sooty, underlain by six inches 
of shaly lignite •••••••••••• 
CLAYSTONE, light gray (N7); highly ben-
tonitic especially near the top; basal 
portion with limonitic stains ••• • • 
. . . . 
. . . . 
3.5 
11.5 
0.5 
1.0 
11.0 
2.s 
1.0 
1.5 
4.5 
6.0 
1.0 
1.0 
57 
23 SILTSTONE, yellowish gray (SY 7/2); 
abundant (two-foot diameter) "platy," 
very tnin bedded siltstone concretions 
22 
21 
20 
19 
18 
17 
16 
15 
14 
near base •• , ••••• 
CLAYSTONE, yellowish gray (SY 7./2); 
well consolidated, contains a three-
inch thick siltstone band near center 
and few (one-inch thick) limonitic 
stain bands; highly weathered limonitic 
"platy" concretions near top ••••• 
SILTSTONE, light olive gray (SY 6/1); 
well indurated, massive; few two-foot 
diameter, flat, brown, limonitic con-
cretions (with yellow calcite druse 
in fractures) at base; few six-inch 
diameter limonitic concretions with 
yellow centers • , , •• . . . . . 
CLAYSTONE, light gray (N7); well con-
solidated, contains vertebrae, turtle 
shell fragments, and molluscan fossils 
(A272, C. nebrascensis (C), unidentifi-
able Unionids (C) ) . • • • • , • • • • 
SILTSTONE, light olive gray (SY 6/1); 
case hardened, contains very fine grain-
ed sandstone near center •••• , ••• 
BENTONITE, dark gray (N4); forms flat 
. . . . 
. . . 
top, conspicuous "popcorn" weathering •• , •• 
CLAYSTONE, dusky yellow (SY 6/4); 
well consolidated, traces of yellow 
clay, covered with slumped bentonite ••••• 
LIGNITE, shaly • • • . • • , • • • • • •••• 
CLAYSTONE, light olive gray (SY 6/1); 
well indurated, few one-inch thick 
lignite beds near center, contains 
dispersed lignitic plant remains; 
shaly towards top; C01Tered with slump-
ed bentonite ••••••••••• ~ ••• • , 
SANDSTONE, light gray (N7); very fine 
grained, silty, some poor thin bedding; 
contains "platy" light gray siltstone 
concretions and brown limonitic "cannon-
ball'' concretions, few thin limonitic 
stain bands; well indurated towards top, 
steep slope former; largely slumped over • • • 
1.5 
4.0 
3.0 
7.5 
13.0 
1.0 
3,0 
1.0 
5.0 
30.0 
13 
12 
11 
10 
9 
8 
7 
58 
CLAYSTONE, light olive gray (SY 6/1); 
silty towards top with transitional 
upper contact •••••••••••• 
LIGNITE, brown; slightly sooty, lig-
nitic shale at base; forms flat ledge; 
largely slumped over ••••••••• 
CLAYSTONE, light brown (5YR 5/6); shaly 
near top . . . . .. . . . . . . . . 
CLAYSTONE, light olive gray (SY 6/1); 
very bentonitic especially towards top, 
few small brown concretions near base. 
SANDSTONE, light olive gray (SY 6/1); 
very fine grained, large "loglike" 
siltstone concretions in upper~ of 
unit, few brown limonitic "cannonball" 
concretions; a one-inch thick lignite 
bed near top •••••••••••• 
CLAYSTONE, light gray (N7); well con-
solidated; numerous brown, limonitic, 
"platy" concretions; high bentonite 
content; contains zone of "burnt" logs 
good for local lateral correlation; 
few gastropod fragments near top (not 
. . . . ~ 
collected) •••••••••••••• 
LIGNITE, brown, shaly •• . . . . . . . . . . . 
6 CLAYSTONE, light olive gray (SY 6/1); 
slightly bentonitic, plant fragments 
5 
4 
3 
near top ••••••••• . . . . . . . . 
CLAYSTONE, light olive gray (SY 6/1); 
with alternating siltstone bands, light 
gray six-inch diameter siltstone con-
cretions; brown, limonitic, "platy" 
concretions up to one foot in diameter; 
yellow clay near top • • • • • • • • • • • • • 
SANDSTONE, yellowish gray (SY 7/2); 
very fine grained, silty at base and pro-
gressively coarser towards top, few, 
small, dark brown, limonitic concre-
tion fragments; largely slumped over ••••• 
SHALE, yellowish gray (5Y 6/1); yel-
low clay in basal two-thirds of unit, 
abundant plant fragments in lower part, 
fissile near top ••••.•••••••••• 
10.0 
2.5 
1.0 
11.5 
8.0 
5.0 
1.0 
1.5 
2.8 
5.0 
4.0 
2 
1 
59 
LIGNITE, hard, blocky fracture; to 
the west abundant 11scoria11 at this 
horizon; assume it to be HT Butte 
Lignite; base not exposed •••• 
ALLUVIUM, dark gray; silty-clayey 
gully fill; elevation at base of 
section 2713 feet • • • • • • • • 
. . . . . . . 
. . . . . . . 
Total Thickness 
4.3 
242.0 
List of }'iolluscan Fossil Localities 
Bearings (included in parentheses), arc lo-
calities near the Woja:i.n ranch (:for locations see Vt), The 
bearings were est~bli:~hed using an aerial photogi:.:..ph on a ~ca.le of 
four inches to the, mile. UND accession numbers. <les localities. 
A260 -
A262 -
A264 -
A265 -
Tongue River Formation; center sec. 34, T. 137 N., R. 103 
W., Golden Valley County, NorthDalcotc (0.97m.i. East; S0 
North of Wojahn ranch house). :Mollusk fossils overlain by 
vertebrates aoout five feet above r.:iollusks; few molluscan 
associated with vertebrate fossils. In medium 
gray sandstone, ve~y fine grained an~ s Contains some 
limonitic bands and weathers light yellow brown. 
Tongue River Fonru::c1:ion; north of waterhol~, sec. 3L~ 1 T. 137. 
N., R; 103 W., Golden Valley Cour.t:y, Xorth D.::i.kota (hillside, 
l. 2 mi. E.t1st 18° ~Jo::-th of Wojahn ranch house). Mollusk :os-
sils in silty claystor.e with numerous broken :ragments cf 
~imonitic concretions. Heavy whito sulfate stein on lower 
· surface with at least: three distinct purple bands. Upper 
~rel lowish br0wn. Contains ::races of selenite; overlies 
friable gray siltstone. Mostly fragmented mollusks with 
gastropods and bivalves equal in number. 
Tongue River Foj:w.ation;NWJ,; sec. 33, T. 137 N., R. 103 W., 
Golden Valley County, North Dakoca (isolated knob .5 mile 
east of Red Hills cutoff, along road leading to Wojahn ranch 
and 900 feet south of this road). Abundant mollusks in 
light gray, somewhat silty, and well consolidated claystc.:::c' 
about e.ight feet thick. Nur:terous widely scattered biv;...l.vc;:, 
with a few local concentratio11s of three to four ind.ividuab. 
Most are flattened and fragmented, some valves are open, few 
are closed, all lying lengthwise, and most with both valves 
present. Rare (4) gastropods. 
Tongue RiverEormation; m.;;J4 sec. 33, T. 137 N., R. 103 w., 
Golden Valley County, North Dakota (gully side 1/3 mile 
North 9° East of Hojahn ranch house). A three-inch bed of 
co.-:ruina consisting of B. :n.a.ctriformis in silty lignitic _cla:;.-
• - •1 0 • 
stone. 3~d traceable ~t le~st fifteen feet later~i~y. n~y 
one Uc.ionid fragment .i.:i this zone. 
60 
A266 -
A268 -
A269 -
A270 -
A271 -
A272 -
A273 -
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Tongue River Formation; across the road from A262 in center 
of sec. 34, T. 137 N., R. 103 W., Golden Valley County, North 
Dakota (hillside 1.4 miles East 17° North of Wojahn ranch 
house). A three-foot bed of yellow gray to brownish shaly 
claystone. Numerous small brown limonitic concretion frag-
ments. Fossils generally flattened and fragmented. More bi-
valves than gastropods. Zone can be followed about a mile in 
a southeasterly direction. 
Tongue River Formation; center of western limit of sec. 34, T. 
137 N., R. 103 w., Golden Valley County, North Dakota (gully 
side 0.6 mile East 31° North of Wojahn ranch house). Fossils 
in siltstone bed six feet above thick lignite unit. Composed 
primarily of Bicorbula mactriformis (M & H) with one Unionid. 
Overlying the fossil zone are large shaly limestone concre-
tions. 
Tongue River Formation; NE\ sec. 34, T. 137 N., R. 103 W., 
Golden Valley County, North Dakota (small knob above gully 
terminus, one mile North 45° East of Wojahn ranch house). 
Highly fragmented mollusk fossils in a silty shale contain-
ing a two-inch lignitic shale band. Above zone of "loglike" 
concretions and three-feet below a dark gray shale. 
Tongue River Formation; SW\ sec. 13, T. 137 N., R. 103 W., 
Golden Valley County, North Dakota (a fifteen-feet diameter 
steep isolated knob west of Bullion Butte, 4.1 miles North 
41° East of Wojahn ranch house). Well preserved small gas-
tropods in excess of bivalves in light gray claystone with 
some limestone lenses. Overlain by two feet of powdery 
brown lignite with abundant selenite. Underlain by a bed 
containing small limonitic concretions. 
Sentinel Butte Formation; gully side at Tracey Mountain, 
center NE\ sec. 16, T. 138 N., R. 101 W~, Billings County, 
North Dakota. Vertebrate fossils with a few gastropod frag-
ments from a medium gray highly bentonitic claystone contain-
ing numerous rounded concretions (.5 inch-2 feet diameter). 
Sentinel Butte Formation, hillside flat at Tracy Mountain, 
SE\, SE\ sec. 9, T. 138 N. , R. 101 W. , Bil lings County, North 
Dakota. Mollusk fossils highly compressed and fragmented. 
From a well consolidated 7.5 feet thick claystone. Under-
lain and.overlain by siltstone. 
Sentinel Butte Formation, gully side.at Tracy Mountain, 0.1 
mile east' of center of boundary between secs. 9 and 10, in 
sec. 10, T. 138 N., R. 101 W., Billings County, North Dakota. 
Scarce mollusk with vertebrate remains in gray silty clay-
stone. Zone of abundant petrified wood. 
A274 -
A275 -
A276 -
A277 -
A278 -
A279 • 
A360 -
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Tongue River Formation; about 385 feet east of fence and road 
intersection, SW\ sec. 13, T. 137 N,, R. 103 w., Golden Valley 
County, North Dakota (3.9 miles North 40° East of Wojahn ranch 
house). Bicorbula !1!actriformis (M & H) with very few poorly 
preserved Unionid fragments. Fossils occur along the contact 
of an eight feet thick claystone and a one foot .thick lignitic 
shale bed. 
Tongue River Formation, intermittent stream valley side, north-
west side of Bullion Butte, NE\ sec. 13, T. 137 N., R. 103 W., 
Golden Valley County, North Dakota (4.5 miles North 41° East 
of Wojahn ranch house).· Mollusks from a three-foot thick dark 
gray to black carbonaceous shale bed. Fossils compressed but 
excellent surface detail is preserved. Fossils occur in thin 
bands. Conspicuous absence of Unionids. 
Tongue River Formation; southeastern side of Chimney Butte, 
center SE\ sec. 25, T. 139 N., R. 103 W., Golden Valley 
County, North Dakota. Mollusk fossils with gastropods in ex-
cess of bivalves. Zone can be used in local correlation. In 
very light gray, well consolidated, 9.5 feet thick claystone 
which is somewhat shaly towards the center. Small (two-inch 
diameter) yellow and brown concretions common. Underlain and 
overlain by lignitic beds. 
Tongue River Formation; head of northeast tributary to main 
gully, center S1:i sec. 27, T. 137 N., R. 103 W., Golden Val-
ley County, North Dakota (1.2 miles East 39° North of Wojahn 
ranch house). Highly fragmented mollusk fossils with bi-
valves in excess of gastropods. Fossils in slightly lignitic 
claystone underlain and overlain by siltstone. 
Sentinel Butte Formation; approximately 78 feet above HT 
Butte "scoria." Near top of isolated knob at head of south-
eastern branch of westernmost gully flowing into Jones Creek 
in sec. 7; NW\ sec. 7, T. 140 N., R. 101 W., Billings County, 
North Dakota. Bivalve fossils in light band of well indur-
ated very fine grained silty sandstone. Most of the valves 
are open. Very difficult to extract specimens. Rough esti-
mate of two species present. 
Tongue River Formation; north bank of Little Missouri River 
about~ mile northeast of Karnes Johnson ranch in S~ sec. 3, 
T. 136 N., R. 104 W,, Slope County, North Dakota. Mollusk 
fossils in very fine grained yellowish gray sandstone. A 
lenticular gastropod coquina overlain by irregular zones of 
bivalves. Few vertebrate fragments also present. 
Tongue River Formation; small man made exposure (about 8 x 
13 yards) in hayfield, NE\ sec. 33, T. 141 N,, R •. 80 W., 
about 11~ miles south of Wilton, North Burleigh County, North 
Dakota. Collected by and received from Dr. A. M. Cvancara. 
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A361 - Tongue River Formation; small NNW facing exposure in prairie 
pasture on half section line, S\ sec. 25, T. 136 N., R. 89 
W., .65 mi. South of northern border of sec. 25, about 11\ 
miles NNE of Elgin, North Grant County, North Dakota. Mol-
lusk fossils from light gray silty mudstone. Collected by 
and received from Dr. A. M. CVancara. 
A362 - Tongue River Formation; small pitlike exposure NW side of old 
bachelor's house, NE\ sec. 8, T. 138 N., R. 83 W., about 13.5 
miles WSW of Mandan, Northeast Morton County, North Dakota. 
Gastropod fossils in dark gray silty mudstone. Collected by 
and received from Dr. A. M. CVancara. 
A363 - Tongue River Formation; 200 yards northeast of Fr~d Wojahn. 
ranch house in the NE~ sec .• 33, T. 137 N., R. 103 W., Golden 
Valley County, North Dakota. Mollusk remains occur in a 
silty, calcareous, very fine grained, light gray sandstone. 
A366 - Sentinel Butte Formation; north of center edge of sec. 30, T. 
150 N., R. 92 W., south Montrail County, North Dakota. Gas-
tropod fossils occurring in a yellowish gray, very fine 
grained, silty sandstone. Collected from a yellow bed about 
170 ft. above base of the Sentinel Butte Formation by Dr. Lee 
Clayton (University of North Dakota). 
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PLATE lV 
(All specimens from Tongue River Formation) 
Figures 1,6-8,10,12,13,15. Plesioelliptio priscus (Meek & Hayden) •• P.19. 
Fig. 1- Left valve illustrating weakly double looped beak ridges 
and 2 posterior ridges, hypotype, UND No. 13177, locality A272, X2. 
Figs, 6,13- Exterior and interior views of left valve illustrating 
general shape, hypotypes, UND No. 13182, locality A264, XL Figs. 
7,8- Exterior view of.right valves illustrating general shape, 
hypotypes UND Nos. 13183 and 13184, locality A264, XS/6. Fig. 10-
Exterior view of left valve illustrating the 2 posterior ridges, 
hypotype, UND No. 13186, locality A270, XL Figs. 12,15- Interior 
views of left and right valves from same specimen, hypotypes, UND 
Nos. 13188 and 13190, locality A279, X9/8. 
Figures 2-5,9,11,14. Rhabdotophorus senectus (White) •••••••••.••••• P.21. 
Fig. 2- Exterior view of right valve illustrating shape of young 
individual, hypotype UND No. 13178, locality A264, X2. Fig. 3-
Exterior view of right valve illustrating concentric beak ridges, 
hypotype, UND No. 13179, locality A264, X2. Fig. 4- Interior view 
of left valve, hypotyoe, TJND No. 13180, locality A264, X3/2. Fig. 
5- Exterior view of right valve illustrating postero-dorsally 
directed costae, hypotype, UND No. 13181, locality A264, Xl. Fig. 
9- Exterior view of left valve illustrating general shape, hypotype, 
UND No. 13185,. locality A264, X7/8. Fig. 11- ·Interior view of right 
valve, hypotype, UND No. 13187, · iocality A264, Xll/10. Fig. 14-
Interior view of left valve, hypotype, UND No. 13198, locality A264, 
Xll/10. 
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PLATE V 
(All specimens from Tongue River Formation) 
Figures l-6,10-12,24a. Bicorbula mactriformis (Meek & Hayden) ••••••• P.24. 
Figs. 1,6,12,24a- Exterior view of right valves illustrating var-
iations in .shape, hypotypes UND Nos. 13191, 13196, and 13200, 
locality A275. Fig. 2- Interior view of left valve, hypotype 
UND No. 13192, locality A361. Fig. 3- Interior view of right 
valve, hypotype, UND No. 13193, locality A361. Figs. 4,10-
Dorsal view and exterior view of left valve illustrating over-
lap of valves, hypotype UND No. 13194, locality A274. Fig. 5-
Exterior view of left valve illustrating shape, hypotype, UND 
No. 13195, locality A275. Fig. 11- Interior view of right valve, 
hypotype, UND No. 13196, locality A275. All specimens X3/2. 
~ 
Figures 7,19,23a. Campeloma nebrascensis (Meek & Hayden) •••••••••••• P.28. 
Fig. 7- Illustration of young individual or the early whorls of an 
adult, hypotype, UND No. 13197, locality A270, X3/2. Fig. 19- Il-
lustration of a mature individual, hypotype, UND No. 13207, local-
ity A362, Xl. Fig. 23a- Mature specimen illustrating spiral 
ornamentation, hypotype, UND No. 13211, locality A275, X2. 
Figures 8,24b. Lioplacodes limnaeformis (Meek & Hayden) ••••••••••••• P.31. 
Hypotypes, UND Nos. 13198, 13192, localities A361 and A275, Xl 
and X2. 
Figures 9,18,20,22. Lioplacodes nebrascensis (Meek & Hayden) •••••••• P.32. 
Fig. 9- Illustration of young specimen, hypotype, UND No. 13199, 
locality A361, X3/2. Spiral ornamentation on mature specimen, 
hypotype, UND No. 13206, locality A362, X3/2. Figure 22- Illus-
tration of unusually large specimen, hypotype, UND No. 13210; 
locality A360, X2. 
Figures 13,15,17. Viyiparus retusus (Meek & Hayden) ••••••••••••••••• P.25. 
Fig. 13- Hypotype illustrating keel on whorls, UND No. 13201, 
locality A279, Xl. Figs. 15,17- ·Hypotypes lacking keel, UND 
Nos. 13203 and 13205, locality A361, Xl. 
Figures 14,16,21. Viviparus trochiformis (Meek & Hayden) •••••••••••• P.27. 
Figs. 14,16- Hypotypes, UND Nos. 13203 and 13204, localities 
A361 and A264, Xl. Fig. 21- Illustration of an unusually large 
specimen, hypotype, UND No. 13209, locality A360, Xl. 
Figures 24b,24c. Lioplacodes tenuicarinata (Meek & Hayden) •••••••••• P.33. 
Hypotypes, UND Nos. 13211 and 13212, locality A275, X2. 
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